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(54) Improved bi-directional telecommunication link in a cable television system 



(57) In a digital cable television system or an HFC 
system at least two control channels (1 04) of the out-of- 
band type are arranged to control the same upstream 
data transmission channel (107), whereby their capacity 
can be combined in order realise downstream data 
transmission in parallel with downstream high capacity 
data transmission. Applied in the DAVIC system the 



overhead bits (110a, 110b) of the SL-ESF frames 
(108a ( 108b) of the co-ordinated control channels, and 
the R-bytes (R1a to R8c) of the SL-ESF payload indicat- 
ing to which channel the control is directed, are made 
identical. 
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Description 



The invention relates generally to a bi-directional data communication link in a cable television system and nartir 
322 r 'Tf S6d d0wns,ream data transmission capacity in a system having a oortn^SSESiS^ 
of-band type for transmitting information from the central equipment to the terminals *' 

JETSE 1 » s *"» a "'™«*'S. CaNemodem baseline doe™«. Rev. 2.0. asof NeiU^.S' JunT 
Figure 1 shows the proposal in the publication prETS 300 800 for dividing the frequencies in the DVB th- 

mJS i I °Z° n 6aCh UPStream Chamel is divided into nine repeated time stoteX central eauio 
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as a frame alignment bit. Correspondingly, when the overhead bits in the frames 2, 6, 10, 14, 18 and 22 are placed in 
row they form a CRC checksum, which represents the bit contents of the previous SL-ESF. In every second frame the 
overhead bit starting from the frame number 1 is a so-called M counter, which indicates the timing of the time slots in 
the upstream channel controlled by this control channel. 
5 The payload of the SL-ESF is obtained by writing the payload sections of all frames in sequence, beginning with 

the payload section of frame number 1 and ignoring the overhead bits. The SL-ESF payload is usually written in the 
form of the table below: 
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In the table the rows 1, 3, 5, 7 and 9 each have 57 bytes, the rows 2, 4, 6 and 8 each have 58 bytes, and the row 
10 has 59 bytes. When the bytes Rxa - Rxc (where x is one of the integers 1 to 8) are placed one after another they 
form a field with the length of 24 bits, which contain information regarding the upstream channel defined by the integer 

35 x. If the downstream channel controls only one upstream channel, then the bytes, except the bytes R1 a, R1b, R1 c, are 
insignificant. Of said 24 bits the first bit instructs, when required, the terminals to measure and compensate for the time 
delays, the next six bits indicate the use of the time slots in the upstream channel, the next nine bits transmit acknowl- 
edgements of frames received earlier by the central equipment, the next two bits enable or disable capacity reservation 
attempts made by the terminals, and the last six bits form a checksum regarding the previous bits. 

40 Each row contains an ATM cell of 53 bytes, which can contain information directed to a certain user, such as 
instructions (so-called MAC messages; Medium Access Control) regarding compensation of timing errors and distribu- 
tion of upstream capacity, or transmitted information relating to an application. In order to detect and correct transmis- 
sion errors the frame structure contains a Reed-Solomon code with a length of two bytes, which is marked RS in the 
table. The two bytes marked with T form the trailer of the payload. 

45 The aim of the above presented arrangement, in which one downstream channel controls up to eight upstream 
channels, is that it is used mainly so that the control channel transmits very little information in addition to information 
relating to the use of the upstream channels. Actual downstream data transmission is carried on the high capacity QAM 
modulated main channels, through which a user can load a file to his or her terminal, for instance. 

There will be a problem if a user wants to use his or her terminal for several purposes simultaneously. As an exam- 

50 pie we can examine a situation, in which the terminal in family use is a digital multimedia terminal, a so-called Set Top 
Box, which is connected to a large-sized display and has further an interface for a home computer. An arrangement of 
this type is shown in Figure 3, where the reference numeral 12 represents the central equipment of a cable television 
operator, the reference numeral 1 1 3 represents a digital multimedia terminal, and the reference numeral 114 represents 
a home computer. The central equipment contains a plurality of main channel transmitter units 1 15, a plurality of control 

55 channel transmitter units 116, and a plurality of receiver units 1 17 for the upstream channels. The user terminal con- 
tains a tuneable receiver 118 for reception of the high capacity main channels, a second tuneable receiver 119 for 
reception of low capacity control channels, and a transmitter unit 120 in order to generate the upstream transmissions. 
In the situation of the example the largest part of the family members want to watch a movie transmitted in a digital 
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form (as. in the MPEG form; Motion Picture Experts Group) via the receiver, but one family member wants to utilise the 
^ ° f the ^ transmission to scan through WWW pagi™ Wo™ ^Wide Web) ZSe 

6ZZ^XlT^Z:iT ons - TT 9 10 r first alternative the ° perator 

aaia requirea By the WWW user in the same downstream channel with the video picture In the second alternate th« 
data into the ATM cells, which are transmitted on the downstream control channel 

geneTX^no^S^ mentioned alternative is that it requires facilities which presently operators 

?TZ w k P f!, TOy 03865 the °P erators d ° not at all want to deal with the contents of the data transmitted 
on the high capaaty downstream channel. The program is received as such from a satellite or ^ «n£JEEES? 

ISJI^^^^S 4- "^ via the cable network or * e HFC network ,n •S^^S^X 

? 3 ° n the downstream control channel is easier to arrange accordino to oresent-dav 

ZSSSl i f 'J th6n the Wh0 ' e downstream capacity «V ^ consumed. Tl»?SSrSS3J2 
fact that the retatve number of low capacity channels is defined in the wrong way consUeringV^^lSSJl 

^ofd* i wh cT'" T 15 dear,y aSymm6triC: ^ US6r tranSfers from th * "-^ to h" or her co^T 
ter amounts of data which are much greater than in the opposite direction. To meet this need there should be more 
downstream channels than upstream channels, rather than the opposite 

th* ^t^rf a !l emati : e « mbodim ent the downstream data transmission is not even processed in the same device of 

20 ? he n thl T 15 ^ 10 rSCeiVe the ™ n Channel ' but for this P ur P<** *« is a separate cX r^em 

tT!! d0WnStream data *«»"*6ion can be totally separated from the transmission of the htah cSa^SS 

ron 0bJeC l? f tWS in r mi0n iS to Present a method and a equipment with which the downstream data transmission 
~ oSand type 96 " ^ *" ^ dilution network uti.ising con^hame^' t - 

» nL^**^ ° f - 9 inVenti ° n arS attained by co-ordinating the transmissions on a plurality of control channels so that 
a plural.* of downstream control channels are tied to one upstream channel. Sai I control J^^^t^ 
upstream control information transmitted in the frame structure cnanneis have the same 

* . JJf rt method accordi "9 to Mention for arranging data transmission in a digital data transmission system havina 
2f m °" e t UP f ream channel and at least •*» downstream control channels of the ouNwSSS fa? con^S 
uSSm ZT t transm,SS,on ,s k Characterised in that at least two control channels are arranged ,0^0! ^^ 

r e rir;reS: channel ' and simu,taneous,y - * — *» «— *«-. a 9 re use d to i^ss 

•^V*!? ' dea ° f *1? inVenti ° n iS that 1,16 rati0 01 the down stream and upstream capacities of the data transmission 
2Th lTrIT neC> b6tter m6et ^ ne6dS ariSin 9 ,or instance from *e "etwork use ofa home Sn^ 

SfU2fi ^ T't ,S r6 f' ' Sed S ° 1,131 Central makes the structures controlling the cteta * aTmiS™ 

Lm P r-h? TJ ? " neS t0 66 idemiCal ' Wh6reby 11,6 reCeivers """"""B different conJcrinnefs ctn Ts?S 

^^^S^I^^J^ SyStem the COn,rol then ™« iS^SSS 

.k CF l C , b,ts) of the frames ad the R-bytes of the SL-ESF payload. The data ordered by the terminal I 

ESS? ^ m9 f pmM "* the A ™ Ce " S COntained in the co-ordinated control channels The ATM cdhcoiv 

tents of a control channel will not depend on the contents of other control channels 

P.e, SiSESE^ b6,OW ^ referenCe tD 3 P ' e,erred -i**- »«•— - -" -am- 

Figure 1 shows a known proposal to divide the frequencies in the DVB system; 
Figure 2 shows how the transmission is divided in a known control channel; 
Figure 3 shows a known data transmission system; 

Figure 4 shows the co-ordination of the control channels in accordance with the invention; and 
Figure 5 shows a data transmission system according to the invention. 
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Above reference was made to the Figures 1 to 3 in connection with the description of prior art, so that in the follow- 
ing description of the invention and its preferred embodiments reference is made mainly to Figures 4 and 5. The same 
reference numerals are used for corresponding parts in the figures. 

Figure 4 shows how the transmission is divided on two downstream control channels, which are marked as OOB 

5 DS A and OOB DS B. On both channels the transmission is divided into SL-ESF frames 108a, 108b in the same way 
as was shown above in the description of prior art. Each frame 109a, 109b contained in the SL-EFS comprises an over- 
head bit 1 10a, 1 10b and a payload section 111a, 111b. The payload of SL-ESF 121a, 121b comprises R-bytes, ATM 
cells, RS checksums and trailers marked by T In order the utilise the downstream data transmission more efficiently the 
signal sections shaded in Figure 4 are identical on both control channels. Of the overhead bits the bits CRCa and CRCb 

10 conveying the checksums are not identical, and they are marked with a solid black colour, but the other 18 overhead 
bits are identical on both channels. The R-bytes in the SL-ESF payload are identical on both channels. 

In the arrangement shown in Figure 4, where all R-bytes from Rla to R8c are marked in the SL-ESF payload, the 
two control channels OOB DS A and OOB DS B are identical regarding the frame information and they can in principle 
control eight upstream channels. However, in a preferred embodiment of the invention the shown two control channels 

is control only one upstream control channel, because the object of the invention is to invert the capacity ratios of 
upstream and downstream data transmission so that substantially more data can be transmitted in the downstream 
direction than in the upstream direction. Then of the R-bytes only the bytes R1a, R1b and R1c have any significance. 
In Figure 4 two downstream control channels are co-ordinated in a manner according to the invention, but in the same 
way it is possible to co-ordinate also more downstream channels according to the respective requirements. In all co- 

20 ordinated channels all overhead bits, except the CRC bits, and the R-bytes of the SL-ESF payload are identical. 

Because the frame alignment information and the M counter information transmitted as overhead bits are identical, 
they will give to the user terminals identical information about the timing of the corresponding upstream channel. This 
is natural, because said co-ordinated control channels control the same upstream channel; if different timing informa- 
tion would be transmitted by the two control channels, then the terminals monitoring different control channels would 

25 use the same upstream channel according to conflicting instructions. The R-bytes contained in the SL-ESF payload 
convey to the terminals information about whether the ranging function has to be used on the jointly controlled upstream 
channel, about the access types of the time slots of the upstream channels, and whether the previous upstream frames 
have been received correctly, and whether it is allowed to transmit reservation requests on the upstream channel. The 
MAC messages controlling how time slots in the upstream channel are distributed between the terminals can be trans- 

30 mitted in any ATM cells belonging to SL-ESF payload on any of the co-ordinated control channels. 

In a cable television system or a corresponding data transmission system the invention requires that the transmit- 
ters generating the signals of the downstream and upstream control channels of the out-of-band type can be mutually 
co-ordinated, so that the required structures controlling the upstream data transmission can be made identical. The 
block 122 of the central equipment controls the operation of the control channel transmitters 1 16 in the data transmis- 

35 sion system according to Figure 5, this data transmission system being similar to the prior art system, which was 
described above with reference to Figure 3. The higher number of downstream channels compared to the number of 
upstream channels in the network is realised so that the block 122 co-ordinates a required number of downstream con- 
trol channels by instructing the transmitters to use identical overhead bits (except the CRC bits) in the frames and iden- 
tical R-bytes in the SL-ESF payloads. The terminal s 113 tuneable receiver 123 receiving control channel signals is 

40 substantially similar to those in prior art terminals. In a alternative embodiment the terminal 113 can contain several 
control channel receivers, whereby it can reserve capacity for its use even from several co-ordinated control channels 
simultaneously. 

In the bi-directional cable television networks or HFC networks of the type described above the present invention 
transforms the capacity ratios of the upstream and downstream data transmission so that the number of the down- 

45 stream control channels and their combined capacity is higher than the number and capacity of the upstream channels 
when required. This is advantageous regarding common data network utilisation. The method and the data transmis- 
sion system according to the invention can be adapted almost in real time to the users' changing needs, so that their 
operation is flexible and the available equipment resources will always be utilised optimally. The invention requires only 
slight changes in existing contracts and standards, which is favourable regarding international telecommunication co- 

so ordination. The object of the examples in the description is to illustrate the possible embodiments of the invention, and 
they do no limit the invention to any single embodiment. 

Claims 

55 1. A method for arranging bi-directional data transmission in a digital data transmission system having at least one 
upstream data transmission channel (107) and at least two downstream control channels (104) for controlling the 
upstream data transmission, characterised in that at least two control channels are arranged to control the same 
upstream data transmission channel, and simultaneously said at least two control channels are used to transmit 



5 

BNSDOCID: <EP 0825772A2_I_> 



EP0825 772 A2 

data in the downstream direction. 

A method according to claim 1 , in which the transmission on said control channels is further arranged into frames 
(1 08, 1 09) with a controlling section (11 0, R1 a - R8c) and a section (111, ATM) of transmitted data, characterised 
in that simultaneous frames (108a, 108b, 109a, 109b) are transmitted on said at least two control channels, and 
that a substantial part of the controlling sections (110a, 110b, R1a- R8c) of the simultaneous frames are arranged 
to be identical. 

A method according to claim 2, characterised in that the transmission on said control channels is arranged into 
SL-ESF frames, which are further divided into frames having an overhead bit and a payload, whereby the payload 
section of the SL-ESF frame comprises the payloads of the frames contained in the SL-ESF frame, and contains 
in the form of R-bytes information which relates to a certain upstream channel, and that on said at least two control 
channels the overhead bits, except for their checksum bits (CRCa, CRCb), and the R-bytes of said payload section 
are made identical. 

4. A digital data transmission system for arranging bi-directional data transmission, the data transmission system hav- 
ing central equipment (1 12) and terminals (113), 
of which said central equipment comprises: 

20 ~ receiver means (1 1 7) for receiving the transmitted data at least on one upstream data transmission channel; 

and 

transmitter means (1 16) for transmitting control data on at least two control channels of the out-of-bad type in 
order to control the upstream data transmission; 

25 and of which said terminals comprise receiver means (1 18, 123) for receiving the transmitted data and control data, 
and transmitter means (120) for transmitting the transmit data on the upstream data transmission channel, 
characterised in that it comprises control means (122) in said central equipment for co-ordinating the transmission 
in said transmitter means so that the control transmitted by them concerns the same upstream data transmission 
channel. 
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A data transmission system according to claim 4, characterised in that it comprises in at least one terminal two 
receiver means for receiving simultaneously the transmission conveyed by at least two control channels. 
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(54) Improved bi-directional telecommunication link in a cable television system 



(57) In a digital cable television system or an HFC 
system at least two control channels (104) of the out-of- 
band type are arranged to control the same upstream 
data transmission channel (107), whereby their capacity 
can be combined in order realise downstream data 
transmission in parallel with downstream high capacity 
data transmission. Applied in the DAVIC system the 



overhead bits (110a, 110b) of the SL-ESF frames 
(108a, 108b) of the co-ordinated control channels, and 
the R-bytes (R1 a to R8c) of the SL-ESF payload indicat- 
ing to which channel the control is directed, are made 
identical. 
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